
I)cvdopin_ I)i,,tril)uted ('.llalmrati.n S)stems at NA_: _, R_:l)-rt fr.m the Fidd

h'rIId Bu'cerra-f:crnand¢/_,, Helen _I,.",,,.:ut _:_:and Chri,, KnIL_'hl :'"

r:l:h,rid,_ Intcrnathm4l Uni,.crsity. Dcci,.Mn Sciences and Inl,,rnmti_,rl ,_v_,lgllh. Miami. Ft.
"_:N.\SA-Ames Rc,,carch Comer..%hdlcll FicM. ('A

i. lntr.ductiun

_,_,et_-b,l_cd _:ldlabl_l'ali_' _y_lcllln tla_c asxLIlllCd a pivotal lOle ill tile inl_rmatmn %vqcm_ development

aren,L While hu,,inc,,s I_ cu_lomcrs (B-Io-C_ and business to bu,,incn', ¢B-t_-B) electronic commerce

svstcn>,. ,earth engine',,and thai ,,ilcsare the litCtI,_of attention:v,eb-hascd s_nlems ,_pan the g;.llllUtoI

inI_rmalion s.',slCIllSthaiwcrc IraditmnaIIyconl]ncd to internalor_:mizali_malclientserver nctv,orks. F_r

example, tl_c l,tmnim, Application Server allo_s L,,m, .Vines r_l _ u,erx to huild collaborative intrancl

applications and mvSkP.,'rml rxl _"enables web portal,,, and e-comm_.'r,:c applications for SAP users. This

paper l',rc_,enlsthe expci'ience,,in the dcvelopmcnl _fl_ne ,_uch,,},,Iem:P,,_ld,,<,a go_ernmcrnt ofT-the--hell

_veb-ba,,edctdlaborafi_e cnvirt_nnlcnt.IssuesrclaLed to tiledesign _I _cb-ba',ed collaN_rati_e inl\_rtll,.Ition

,Lvqem,. including less(ms learned from the development and deployment or the s,.stem as 'Aell as

measured performance, are presented in thispaper. Finalh. the limitations_t"the implementation approach

:is_cll as future plans arc presented as well.

2. Postdoc: a web-based environment to enable group collaboration in NASA

One tool frequcntl,, touted under the auspices of kno,_,,ledge management !KMI is document management.

At the.. C ( ) _I c { ) l " a document management systenl is a centralized repository, an electronic storage n]edium

,._ith a primary storage location that affords multiple access points. The document management s.,.,_tem

csscntiall,, o,'gaaizes and stores inlbrmalion. A document management s'.stcm unifies an aggregate of

relexant information conveniently in one Iocatinn through a common interface. Document management

build,, upon tile central rcpositor,, by adding support to :he classification and organization of inl\,rrnacion.

unil_ing the actMns of storage and retrieval of documents instituted oxer a platform independent ,,.-:era.

The d,,cument management collaborative application increases communication, thus alloy, in S the ,hating

of organizational knowledge.

At pre,ent. NASA has many dispersed information databases in place ',',ith pnv.erful and sophi-,ticated

int','a_,tructures supporting some inibrmation management (Ibl). It is nonetheless being impro'.ed as

NASA',_ functionally and get,graphically di_,erse organizations ,aork toward enhanced collaboration.

inFormnd,m/tedm,dog} fusion, and ultimately a transiti_,n from IM to KM. A bridge bel,aeen I.M and K.M.

Intelligent Information Management (IIM). can be con,,trucled as an extension of the current ini",_rmati,m

technology (ITJ inlrastructure. The goal of lI*I is to facilitate the creation of knm.,.Idge from tile

information resources v. ithin the various enterprise program and mission operations, such as iogi,,ti,:s of

dcplo}ments, program strategies, to defining missions. This can be done by enhancing the u,,e of the

information by human beings, allowing them to make m_re knov, tedgeable decisions, or b'. enabling

automated systems to refine knov.ledge from our inlbrmation resources for use in perfi,rmance support or

intelligent trainin,,_, systems.

NASA took its I"irst step in IIM with the New Millennium Documentation Systems" success eBecerra-

Fernandez et. al.. 2000): which resulted in the development of a ne_ application. Postdoc _, that _.ould

ensure that all of NASA could easily use such a system Agency-wide. The innovation began back in 1994

with the New Millennium Program. The program was large and had a large resource issue. Goldin* was

championing the "Taster. better, cheaper, smarter'" interplanetary missions. The program began with six

technology teams, three Earth Orbiting missions, and six Deep Space missions. Already the program was

beginning to experience cuts from budget and needed different resources to ensure mission objectives and

I Ww'_, .lot us noles.conl
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_ Daniel S. aoldin, NASA administrator 1992-2001.
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,,_.iu I lie', f>t_',kh,_:re,Me Ihb, p_',,.ihh." flm_u,,_ha nc;_. I_,Lm,Jafi<m.deh,d,,, making the apIqiC:ni,,n ,,.,tlr_:c

llllff'L' [",_rlahlc. ;+LntlJ.,.ldin_ I_':LltllC,. ,.'n.,urin._ the u,.¢r-, thai the:, h,td full c_,nlrnl ,q" Iheh cl;+lta all+_lilllC,

an,.,,,.h,..r,:, ca,,il'+ lhu [:'_,+l,,[_,c..,_q'lV,.lre rccltl]ret.[ <1ds.".¢l_plnelll ¢1]]_1"[c,l" I'i,c pct',,.',ll-_e;.lr,, _d +.,_dl+_,dl'_:
cl ,+1i11_arl,,l Ic'qin_.

lh,,,kl,,c ih a muhi-u,,cr, v+uh+ha_e,+ld,+cum,..'nl rn'anag,+.'rncnl_.'..,.I,..'mIhal i_ cur,',..ntl_ u,+ud primaril> li_r
dt,+.'tJll+,,.nl xh>r.+tgc ant] retri+..',.al, including v,,_rcl l,,.cu,,,,in,- t.h.ctllnei11_, ,,prca,,Ishcel,.. ,,lides, illu,+tr:tlhm-,.
illMgt.'h+ ",,it.l,,+'_L ;+ludit,. ,,,.q'tv.,arc aruhi,.,es, and <>thor,,. L'nl.ke a Ir:.itlilinnal v.,eh sil..: v, hcre the v.+ehtn++P.l,.+.r,.

ah>nc ,,:,,n,,truct it+ ;_ P_,-,t,,h_c v+eh ,,il,.: i,:, "ea>,il?" c,,n,,tructud h,< it,. u,,cr,, '+,.he.can l.,,gin it> the ,dle it. add.

,,Iclutc. ,md t+rs.:.tni/e dc, culncnI,, lath,red tu their oh.ice L:,,cr,, ncct.l not h;.t',.e an} ,_peci:.tlized v,ch +it,.:

ct,ll,.ltu_ti_ln knt>u+led,_,c_r skill:, such as HT.ML ,+r pr,,gramming. Users create de,.:umcnt_ on their cn.vn
c_mH+utcr u,ing man} popular application,+, tsuch a,, Micr<-,ot't+'7_W,rd. Excel. and P_,,.,.erPointl then upIt_ad

them t,, the Pt_:..td;+c,,.:r,.er. The +<cr'+,'er,:an then auhmlalic:Jll_ corY, crl the ,.h>cun_ent'- t;>rrnat (for e\dmple
inl_, PDFx enabling Jn,. user tt_ ',ie'._. the dncumcnl e_.en without the creating applic:tti_m. By ,.iriu_: of

1"1Ci11_ d ,.,,eh-ha,,ud ,tpplicatitm. P_>,td_,,.:,:an he used hv an',c,nc. ;ln) ,.',here. P_,stdoc is availahlc ti>r frcu I'.l+r

gt+,.crnlnent use. and NASA-ARC supports the dephL',,munl uf thi,, innc,vati',e Iool. not onl; within NASA
center+, but al,,+ :tl t_ther governm_:nt agencies.

NASA'+ _.aricms pr_+grarn use of the Postdoc soft,._,are ,,purkud an awareness in the agent) on ho'++,large

pro,grams can create _.irtual workspaces to be shared amt+n_ +_eo,_,raphically distributed teams. P_+stdc,c
provide,, a portal tbr the a+,ency to be,fin mreater inlbrrnation collaboration v.ith research and technolo_-,'..

partner, ,.,+ho are geographically dispersed nationall_ and internationally.
Pt>>.td,,c is a comptetel:,,' different application from other comn_ercial-off-the-shelf (COTS; soft_.+.are

primaril.', in its ease ,st"use. insuring ac,:essibility, and alloy, ins users the availabilit', to connect and grant

acce,+s to industrial and academia partners in the inft++rmation sharing spaces. Other dit-'/'_rences in the
Po_,Id_,,: ++ol't,._.ar¢ s)_Ielll corrlpared to software similarh de_eh_pedti.e.. NMP-Doc. Svs.. Livelink. Virlual
Rescar<:h Cenler. TechDc, cs. etc. I are:

I P,,,tch_c allows users to in_ite, authorize, and grant access to pt_lcntial team members that are

g_.'ographicall,, di,,persed. Posld,-c allo,._,, u_,,.'t< t,_ Jet]tie the t,,pes of access to) the informa[ic, n.
:.tllov+ing u_er_to rnanage their or> n inft:,rnlalh++n .,pa+.:_.'s.

Po.,Idc,: has document ver<ionin:_,, checkout, and re,.ision control. Cul and paste options For
orgariizaticql.

There is event logging available to the users, auto-con'.ersion of tlle-I',pe m por:able dc,cunlenl /\+,rmat
tpdf;,, and an tm-demand dc,cumer'.t conversion Io a brc,+lderoplic, n oi"+document types (i.e.. post,cripi.

html. te+,_t,and digilal assistant t'il_ L'.pes).
P,,,idnc has ulililie,, making it fax capable, a tull_, featurec[ ernail list manager, and a ,.irtual

c,41..iborative platl\>rm independen; file :,;}.ste111.
Po>tdoc has c,nline help inte<.zrated into the s)stem. For nlainteriance of the soft'._.are s,.stem. tl+l,..'r+:arc'

aclministrafion l_'atures for system +'ldmini,,trat_+r,, m_+nilc,ring Ih¢ tran<lation_ of the dc>cum,..'nts.
maintaining sl,.ttistius of events, arid more. There is al:.,o event-logging and reporting available w, all
USI2FS.

3. Results and Lessons Learned from the Postdoc Implementation at NASA
Postdoc INASA-Case Number ARC 15008, 2000). ++hich has been used ARC and cross the Agent) since

1997. has proven to be a very effective tool for organizing, .,,toring. and retrieving documents of all t.'.pes
(e.g.. word-processing. _preadsheet, presentation, image, video, audio+ executable). Currently Po,_toc has
3779 users in total, and supports approximately 30 NASA programs spanning across the whole agent}

(e.g.. Advanced Technologies and Mission Studies, Aeronautics Design and Test Environment tat ARC).
Space Shuttle [ndependent Assessment. Aviation Sat'_ty (at Goddard Space Flight Center1, ESDIS
Advanced Technology/Systems (at ARC). SMA Build It tfor collaboration between the FAA and NASA).

Thanks to the flcxibility in the system that allows users to define their own collaborative structure and
control of access, the agency users have found efficient ways to share data in the system with

geographically dispersed partners. Several Postdoc serxers ha,+,.: been installed at other NASA Centers,
(e.g.. Dryden Flight Center. Langley Research Center, Johnson Space Center). Postdoc was requested by

and is in use by a other portions of Federal Government (i.e., Department of Defense, Federal Aviation
Administration. National [nstilutes of Standards anti Technology, Naval Research Laboratories, and

National Imagery and Mapping AgencyJ. .-



Nl.m_ I_lt_r.,In|n h,_e u,cd Ihc %_nlcu| t_)_.'cmducl d_,_urucnl ,h,lring of all [>pc_. ,uch an ru'_i¢_ ot prol_onals

rc.,p_,udm,c_ h_ N..\H,.X Rc,,carch Alllll,uncclncnl,,. pr_l_l111 rcp,_rlin_ and m_ckin_, and ncicntilic reD,rting.

bl;m_ user,, ha_.' d_me call I,,r plg_cl's m_d_inE l,Lr_c c_mfcrcncc, _i e...\.\.\1 c_ml_.'runcc_. IJC.\I. and

m:m_ _,lhcr pr_,lL',,i_mal _ocicl.v activitic,,/. %c_cr',d cenlcr_ u,c the ,_qenl l;,r ,*',rkinE _m pmgratn

Illilldlt_.C_,, c_dl,tb_,r,ding on Ic,,;hn_dogy ..llld nli,4_,n el,m,, pr_q'_o.,.|l,,, dl,,Iribulill,.__, inl'_rmalion Illr,Rlghoul

Ihc c_.'rHCl"_,and 1111Wc. Fhc \,ll_>hioh_g._ hlslilulc rc,qllainhlg dr1 addili,m.d 3(;() u,cr_ in a scp_tr_tlc ,,cl'_er

I'l'l_lll Ih,,: rn,tin .-\Re" ,.or", crv, ith t,00() l.l_,ers inlcrnati_,nall,, distribulcd) u,,c,, lhc .,.)Mcnl I,.) bc,._irl public_.ttion

,,harir_Lz. data ,,h,ring. -harin_ ',,cicncc rc'...uh,.. Ipicturc lihraoI am.I conl'_rcm.'ing lin c(m.juncti_m _._,ilh

v, hitcl-,_,_trd aim ,,idco conl'crcr_cing). ARC IS() Ccrtilication Directorate use,, Ihc sol'l_._.are as a

,,h,ctHr_cnldli_n 4'vnl¢lli for nU_ra-ec, of [SO docunlcnlaliOn, correction action requests. :.lnd re,.isi, m,. Fi,.'lt.I

experiment-, ',UCCC','_I'L,II_. used the ,.?,,tern t,a ,,hare rc,.uh:,, in real-time ,._,Hh ge_graphically di,,pcr,cd Ic_.m_s.

For c',,,.UlllqC. P_-,tdt_c prc, vMcd a largely automalo..l Web ',,tic according to spccil-_cati_mx, l't)r the c_41eclion

:lnd di,,,,eminalion of the MARS ro_,er data. t(_ di,,pla', ,¢uch data on the Weh with ¢leg',mt pc, int-an,..I-click

_ccc_ibilit_. The ,upport and w,c of Po,,tdoc. a!l,-._.u'd the Mar-.okh,.,d rni,,.,i_m .,cientbas to .,hare and

colktb,,rate on _cicnce result,, easily. ",,_,hich ,,,,as extremely '.aluablc. Man'. programs and initiati,.e_ I_._xe

rep_rlcd theft tile solt_arc allows them to communicate smoothly acronn platform,, across sol't_,,arc

version,,, and collaborate effectively, nationally and internationally.

It's e,,timated that the current use of the software ba_ed in the Computational Sciences Division has saved

the agency over $4,l a ,,,ear in data sharing and travel costs. Over 23 NASA programs cross-enterprise

have saved at least $100K and up to $200K in expenditures: of travel, tedious email issues ,._.ith large

dc, curn,..,r_ts, or having to, buy commercial software, b.,, using the _oftware s)stem provided by the Postdoc

Pmicct in the Computational Sciences Division. The agency- continue._ to sa,.e as the user-ba_,¢ on the

current ,,er',er continues to grow significantly and a recent Space Act Award recognizes Postdoc for the

innc,,.ati,an, cc, st-:savings, and ncrcased productivit? it brought to NASA agency-_.vide.

4. The next generation in Distributed Collaboration: the Complex Object Relationship Engine

(CORE) Project

P,,,td,,c has been ',or',, ¢ffecu,.e in meeting the targeted scope of a d,,cument nlanagement ,,,.gem. and

cc, ntinucs tc, he used t,ada,, to manage thousands of d,:,cumcnts acrc,,s man'. divisions of NASA. Howe,.er.

Po,,tdoe's abilit.,, to support K*[ is limited by this initial scope (Becerra-Fernandez ¢t. al.. 2000). A plan is

in place to re-architect the Postdoe system with a larger, more generic scope, in order to meet KM needs, as

,,veil as the gmv. ing needs of other projects throughout NASA that are looking to expand Postdoc's

ft, nc_ionalil,, imo tel'ten drasticall,.) different applicatic, ns. Currentl,,. P,,.,tdoc'_. architecture i,_ being re-

dc-,igncd as part of the Comph.'x ()bjcct Relationship Engine (CORE_ project, a next generation multi-

Jpplication object environment for collaboration. The soft,._.are teams re-designing Po_,tdoc at,: u.,ing an

object-oriented infrastructure in support of application plug-in extension capability to accompli_,h tw'o

goals. First. an object-oriented (OO) architecture facilitates the obj¢cti',es of allo,.ving user-managed data

collectic_n through object attributes and application extensions (Knight and Aha. 2000). This _._.i]] allow

Postdoc's user base to easily integrate software extensions that address their specific needs, thus permitting

them to test potential science and KM enhancements. Second, this new architecture will allow CORE to be

able It) support the addition of user application tools, or plug-ins. CORE Design goals include the ability' to

handle metadata and support workflow application logic with a focus on KM. With these changes CORE

will be much more flexible and be able to support a KM environment, such as user-definition of workflow

scripts. The ability to create modular extensions to be shared among different groups, will yield a library of

modules that can benefit each project. Adequate access control and authentication is also being re-designed

in order to support a wide variety of users. The CORE project will also include the development of a

DARWIN component. The DARWIN goal is It) streamline the information flow for U.S. Aerospace

Industry's use of NASA technology and resources in their aircraft/spacecraft design cycle and development

processes. This is of high significance; it _osters cooperation and synergy with NASA's lnl\_rmation

Technology Base program and the new Intelligent Synthesis Environments Initiative. which is aimed

towards NASA's engineering, science culture and creative process.

5. The Technologies to Implement CORE

The new CORE incorporates workflow management functionality as one of its modules. The uddition of

workllow capabilities is important in the context of tracking changes in the states of documents, proposals

drafted, submitted, reviewed, voted on. and tallied in a virtual collaborative environment (Becerra-



[:crn+tndc/cl ,it..21Jill; [)l',pcI'_Cdgr'()Ul'_`,willbcnclilInHll_.IIrtlcd',llanUC,c,_ll;_l_,i.di,.cen,.JF,ulrllcri(.

_.VorkM_,,._IuncthmaliI>prL_vidc,,theC(;RE u,,crwiththe lidh_wingI'caturc_:rodc:ipabililie`,:

I. (;ral'qfi_alW,,rkIl,,_._.l)c'-,ign:The graphicalu:,crinterface(c;Irllthatpi',,,.tdc,,themean.,liar,:realing
,.',_rktlt,',,, t_r,_cc`,wx h,, delining the Iluw and the la,,k,, Ihal ncc,,I h_ bc pcrl_,rmcd
I. Rule,,:l"hch_glcthalnccd._hihe inlc_r,ltCdifltq_{llc,,,,_,rkllnwdclhfili,,n

2. E",CClm_,nH,mdlins:I'hc_>'.,tcm111u,4bc able Io handlecXCCl_thm,,and errs,r,,.

3. M,,nil_,ring:Fh,.'a.hilit>t,_rmmitt+rthe>,tatLr,._.+l,._,;+rkllowir1:q_.lnCCx.

4. .+\Udiling:[n,.(_l',e,,heineablem htgand rept+rttimeand c(t,,t_Ithc 'a.t,rkl]_._-procc,_+.

5. N_,tiIicuthm:"rltev,(_rkIl_v,,applic:ttiunmu_t he abletoinli>rmu,,cr,,_U new tasks.,._.arnthem el late
tasks.:rodrumutu ta,&`,t_,c,Ihcruser_,.

6, D_,cumcnt alta_.'hmcnt_:The abilitytocfI'ccliveI_attachd_cumcnI_ h_the_,,rkth)_v.

Th,.' nlo,,t iinp_+rtant _,hj,,-'cti',e fnr the ,,v<>rkftow functionality is th,.tt it ,+camlc,,,l.,. integratc with the C()RE

s,.st,..'m. Vehilc the l'catt.lrc,_ that are to be incorporated intt> this workllu,,,, rn:,nagement ,,,,,stein are nt+t
',a,,tl,. dil'l'crunl or ,upcrJt+r t_; v,t;rkl'tow tools that are currently tm lhc market, the real b,.;nefit come>, fl+onl

hov+ it augn+ent:., the current capabilities nf F'ostdc,c. Other tools, such as StalT',+.arc2OOt).FilcNct'> Visual

W_tktlow, and IBM'-. MQ ,,cries. offer similar features such as vi.,,ual v.orklluv, design, user defined rules
and application logic. _.vcb Functionality. and role-oriented workllo,,v ta>k assignments. The CORE

vvorkllow management system, however, is specil]cally designed to <,perate v,'ithin the CORE system
architecture. This allows the worki'low Functionality to access and manage all object-oriented features of

this s>:.,tem including access control, documcnt handling, document metadata management, and user
application compcment>,.

CORE implemenb, oll-the-.,,helf t,.:chnologies as rnuch as possible, including ,_upport to:

I. Database back-end built upon relational (Oracle) and object ((')DBMSt databases. Object inlbrmation
is transpar,antl.,, mapped to any o['T-th¢-shelf RDBMS/ODBMS l\_r scalability and I\_r efi'_cient
searching and inde',,ing.
C(;RB.-k - Ibr muhi-pr_ce..,s, rnuhi-system shared access to the C()RE .,,cr,.,.'r.

WebDAV - ',,.ebprotu,..'t_l cxtcnsinns for remote documcntldata managcillent.

Xal,m - an XML transformation engine For con'.erting applicatic, n-gen,...ratcd XML. into a client-
vi,.,v, able I\_rm.

JAVA and /DBC - used i"_r high-perR_rnlance and reliabilit,. '.'.hen ser,.ing and interfacing to
databases.

P,.thon - :m t+ption,tl client+side programming for ease-of-enhancen+,:.,rtt at rut+time.

"l
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6. Conclusions and Directions for Future Research

Although many gain> ha,,e been achieved I'rom the organizational use c,r distributed collab<,ration -,y`,tems

such as Pn`,t,.h,c. a limiting [':actor to distributed c_+llaboration is tile lack of connectivil_ among di,,parate
collaboration s?stems in the c,rganization. Currently. a number of distributed collaboration systems like

Postdoc have been deployed throughout NASA. For example, while Postdoc's deployment spans several
NASA Centers. its use is concentrated at ARC. Similarly. TechDocs. a similar web-based collaboration

system was developed and deployed at Kennedy Space Center, Virtual Research Center was developed and
deployed at Marshall Space Flight Center. and COTS software such as Livelink was deployed throughout

Lewis Space Flight Center. Such proli[eration or" collaboration systems is due to in part to a tendency
towards the "not-invented-here" syndrome, personal pret'erences+ lack of a,,_.areness about activities at other
Centers, and the lack of trust sometimes prevalent in large organizations.

A major objective for CORE is to enhance the usefulness oF distributed collaboration systems like the ones
aforementioned by providing needed enterprise-wide connectivity amongst these systems. This is of high

significance: as it will foster cooperation and synergy amongst the many programs, including the NASA's
[nfi)rmation Technology Base program, the Intelligent Synthesis Environments. and the Design for Safety
Program Initiative which is aimed towards NASA's engineering, mitigating risk in a systems Full life-cycle

specifically the design process. NASA needs to demonstrate an increase by a factor often over baseline, in

percentage of participants in enterprise science and engineering design, development, and management
activities using diverse geographically distributed electronic collaboration applications..This motivates the
need ["or sofi'.,,are tools that can be used to enhance communication among distributed project members and
the information sources that they require. Postdoc began addressing this need: it is used by many to share

documents (e.g.. proposals, schedules, budgets, revisions) with user-specified access settings (e.g., budgets



al'u l_plc,.tJly acuc',',il',Ic h, ,ml', a ,,l.lb,,_.'t t_l .a proiccl t¢_|nl"-, lll_.'mhv'r-,). [11 ;tddltit',ll+ _roupcd LP.,CF',_iln

¢imducl lhre:.ided ,..'-i|kli[ di_.Ctl-..,.,,i,'_ll',, that record ,,Jeci_Jt+n-IllakJng+ inh+rlll,lll<Ul ,,ll;.trillg. and olh,..'r pl',.',iccl

acli_,ili,..',,, l-|t_v,,c,,,.'r. Pt_,,tdoc and other N.\S.\ collaN,rati,.x: _n,,ll,+n111cnt,,, ,.lrC llOt _,,.'t capable to a,,,,i,l

with _lllur t)pc',, _fl ta_k'., {e.g.. tO help de',,ign expcrimcnt,.,, or ,,cr'..c ..i_ a pq>rtal/,..:tmduit lt+r rule',ant

inli>rm,.iti_n .,,,ourcc,,). and arc therefore lhnhed in tl1_cdirect ahilit', to ,.i.q_p_+rt .-,cientific inve:,,tig..|tl_',rls and

pn>ju_.l engineering application,< C()RE",, +d-tiect-t_ricnted archiluctur_.' and intelligent ,,oftv,,:ire nIL_dul,.:,, arc

du'.,igned to ,,upD_rt di,,tribut,.'d ,_cientilic and engineering collahorati_ms. In particular, the intcn,,ion i,, tt_

e_t)J_,L, thc_,c ,..'(_Ilah_u'ative crlvir(inll1_nts J'r()lll '.,tiCCu',,sJLlJd(_cUlllCnt m;.ina_¢nlcnt tools into on,,.'_ that can

-.,upport ad',anc_.'d KM processes, capable ot capturing and db, hursing pro_jc_.'t knm.qedg¢ among di,,trihuted

rncmher_,, and providing a platfnrm for science inslrurnent data integration.

An addititmal impact o1 this approach is to t'urther enahl,,: the management or technical, scientific, and

enginucring data. This coupling between the multiple dala ,,ource,< I_od_ t,.,,_tual and numerical. _ ill greatl_

enhance the ,collaborative capability of NASA's science and engineering comrnunit,,. Giv,.'n that

km_;,,Icdgc management pilob, and acti'.itie-., ,,uch a-, d_cum,,.'nl m,magcrnent S_te_11:,, (lik,: P_,.tdoc.

TechD_c',. or kiv¢link; arc already in use by oth_:r "agcncic_ and thc, u,,and_, of users, ge anticipate that [hi,,

enhance:meat would prove invaluable to man,.' key design and science experiments and data anal)sis

cnvironmcnt_ (e.g., Aeronautics, Federal Aviation Administration, Aerospace, Earth Sciences Enterprise.

Space Sciences Enterprise, Human Exploration of Spa_:e Enterprise, and NASA's Astrobiology Institute)

that are currently using it to collaborate and share documents and scientific data.
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